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ABSTRACT 
Y oshinobu NAKAMURA 
Departη1ent 01 Surgeη， FaculちI01 Medicine， 
Tottori Universiちん Yonago 683， Japan 
An isolated rat heart preparation was used to investigate the effects of calcium and mag-
nesium concentration in the continuous warm cardioplegic solutions (CWCP) on myocardial 
protection. Hearts were subjected to 180 minutes of normothermic (3TC) arrest with con-
tinuous warm hyperkalemic (20 mM) modified Krebs-Henseleit-bicarbonate (KHB) buffer 
solutions containing various concentrations of magnesium (1.2， 8.0， and 16.0 mM) and cal-
cium (0. 1， o. 3， o.5， 1. 0， and 2. 5 mM). Hemodynamic indices after 180 minutes preserva-
tion were compared with the previous control values of the same hearts. For each magnesi-
um concentration， the percentage recovery of aortic flow generated dose-response curves 
depending on each calcium concentration. In al magnesium concentrations， with a calcium 
concentraion of 0.1 mM， every heart changed pale， contracted， and showed no functional 
recovery. This phenomenon was characteristic of calcium paradox， that was observed even 
with calcium of 0.3 mM and magnesium of 16.0 mM in concentration. In addition， as mag-
nesium concentration increased， the recovery of aortic flow decreased in hearts with calci-
um concentrations of 0.5 mM or les. However， the maximum percentage recovery of aor幽
tic flow was observed in hearts with a calcium concentration of 1.0 mM regardless of mag-
nesium concentrations; Mg=l. 2 mM， 83. 1土1.3%，Mg=8.0mM， 84.8:t0.8%， Mg二16.0
mM， 88.7土1.1% (mean:tS. E. M.， n二6).Significant differences in these values have not 
been observed among these groups. Creatine kinase leakage tended to decrease at the 
peak. These results suggest that the myocardial protective effects with the continuous 
warm cardioplegia depended on the relationship of calcium and magnesium concentration is 
different from the effects observed with ischemic state. (Accepted on November 8， 1994) 
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bonate buffer solution (NaCl 118 mM， KCl 4.7 
mM， CaC12 2.55 mM， MgS04 1.2 mM， KH2P 











95% O2， 5 % CO2の混合ガスで飽和させ，3TC 











o : Oxygenator 
G : Gas 
EC : Elastic chamber 
PT : Pressure transducer 
HC : Hear t chamber 
LR し，anger可dorffreservolr 
LAR: Left atrlal reservolr 
EMF:Electoromagnetic fJow meter 
r : Pump 

































NaC1 118.0 118.0 
KC1 4.7 18.8 
MgS04 1.2 1.2 
KH2P04 1.2 1.2 
NaHC03 24.9 24.9 
glucose 11.1 11. 1 
CaC12 2.55 0.1， 0.3， 0.5， 1. 0， 2.5 
MgC12 O 
sucrose O 
KHB: Krebs-Hense1eit bicarbonate buffer 
CWCP:高K持続心筋保護液




5 1 5 180 1 5 20 
持続冠濯流心停止
L w (37"C) (60 cm H20) L W 
Mg濃度 (1.2，8.0， 16.0 mM) 








L: Langendorff mode(75cmH20) 













CK流出量ごCK活性値 (mU/mQ) x CoF(mQ/15 





















心停止前に測定した心機能は， AoF 67. 3土0.5
mQ/min， CoF 18. 6:t0. 4 mQ/min， PSP 107.4:t 








Ca~農度 大動脈流量 冠流量 心拍数 大動脈収縮期正 CK流出量 水分合有率
(mM) 回復事(%) 回復率(%) 田復率(%) 回復率(%) (IU/15 (%) min/ 
g dry wt) 
CMg=1.2mMJ 
0.1 O 4. 7:t0. 2 O O 193.1土3.9 87.4土0.4
0.3 30.1士3.9 60.1土2.2 120.6土7.8 76. 2:t3. 8 21.3:t1.6 84. 9:t0. 6 
0.5 69.7土2.3 75.1土2.2 103. 3:t4. 0 83.6土1.8 15. 1士1.4 84. 4:t0. 4 
1.0 83.1土1.3 84. 8:t3. 4 100. 6:t0. 9 90. 7:t1. 2 11. 0:t0. 4 84.4土0.3
2.5 76.4:t0.6 80.9土2.2 101. 9土2.5 87. 8:t0. 8 9.7士0.3 84.7土0.2
P1直 P<O.Ol P<O.Ol P<O.Ol P<O.Ol P<O.Ol P<O.Ol 
CMg=0.8mMJ 
O. 1 O 4. 6:t0. 7 O 。 209.2土5.6 88.3土O.1 
0.3 26. 7:t2. 8 53. 9:t3. 9 104.0土1.0 75.3土2.3 19.8土1.2 85. 9:t0. 7 
0.5 55.6土3.3 63. 7:t1. 6 102.7:t1.6 79.1:t 1. 9 12.9土1.2 85.1 :t0. 6 
1.0 84. 8:t0. 8 72.7:t2.9 97.2土0.6 82. 2:t 1. 4 8.8土0.4 84.1士0.2
2.5 81. 8土2.8 86. 5:t3. 7 100.5土3.5 90. 2:t 1. 3 1. 7:t0. 6 84.3土O.i
P1U直 P<O.Ol P<O.Ol P<O.Ol P<O.Ol P<O.Ol P<O.Ol 
CMg=16.0mMJ 
O. 1 O 2.8士0.1 O O 245. 8:t4. 6 88.8土0.1
0.3 O 4. 3:t0. 4 O O 140.9:t6.0 88.4土0.3
0.5 41. 1 :t3. 1 80.1土4.1 98.6土2.2 74.9土2.5 22.8:t1.4 85.4土0.2
1.0 88.7:t1.1 82.9土3.3 100.3土2.9 90.3土1.2 7. 4:t0. 5 84.0土O.1 
2.5 74.9:t1.2 70.1土4.3 101. 8土1.9 82.8土1.9 14.4土1.2 83.8:t021 









逸脱L-Caparadoxと考えられた.Mg 1. 2， 8.0 
m班群ではCa0.1 mM以下でのみCaparadoxが




































































量は37'Cempty beating heartで 5.18土0.55mQ 























*白 :p<0.05vs Ca 1.0 mM 
#圏 :p<0.05vs Ca 1.0 mM 
* *昌 :p<0.05vs Ca 1.0 mM 
F_IZ..IMg濃度
* i覇E皇国 i園霊童 I麗重量 i (mM) 
白 1.2 
髄 8.0 
















*臼 p<0.05vs Ca 0.1 mM 
#図 p<0.05vs Ca 0.1 mM 


































*日 p<0.05vs Ca 0.1 mM 
#毘 p<0.05vs Ca 0.1 mM 
* *自 p<0.05vs Ca 0.1 mM 













*臼 p<0.05 vs Ca 0.1 mM 
#図 p<0.05 vs Ca 0.1 mM 
* *菌 p<0.05 vs Ca 0.1 mM 
and 0.3 mM 
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